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Abstract
Public health emergencies always lead to serious consequences which affect a lot on human health and socioeconomic 
progress. It is essential that governments and regional health commissions guide the public toward self-protection and bet-
ter arranged social production during epidemic outbreaks and spreads. According to the need of risk communication and 
information disclosure, existing studies for COVID-19 maps and visualization applications are conducive to predicting the 
future trend of the pandemic, mitigating the harmful effect on public wellbeing by leading to effective intervention and policy 
measures. However, unsettled tasks remain on comprehensive organization of risk information, effective expression of data 
for public requirement, and systematic theoretical framework as a standard of map design for public health emergencies. To 
close the research gaps, this paper proposes a conceptual framework with a three-dimensional spatiotemporal-logic structure 
as a theoretical foundation for map thematic content selection, which is also a good basis for determining the effective visu-
alization approaches of map design. It enhances the validity and legibility of the map expression by leading maps’ thematic 
content couple with features and processes of an epidemic. Then, using the COVID-19 outbreak in Shenzhen, China, as 
an example, this paper illustrates how to apply the conceptual framework for selecting the thematic content of COVID-19 
maps, and explains the specific ways to transform epidemic data into objects for cartographic representation with proper 
principles and modes. To our knowledge, this paper is the very first study to bring the thematic content of maps for public 
health emergencies to the fore, and it is thus believed to shed fresh lights into thematic map design.

Keywords Public health emergencies · COVID-19 map · Conceptual framework · Spatiotemporal-logic structure · 
Thematic content selection · Narrative map design

Introduction

Public health emergencies, both global and local, will always 
have serious consequences. These consequences affect not 
only human health, but also the economic progress of both 
developing and developed countries (Talisuna et al. 2020). 
As a major public health emergency that emerged at the end 
of 2019, COVID-19 posed a great threat to public safety, 
economic development, and peoples’ personal wellbeing 
(Xiao 2020). It is essential that governments and regional 
health commissions guide the public toward self-protection 
as well as better coordinate and arrange social production 

during this pandemic using effective risk communication 
and information disclosure (Campbell-Lendrum et al. 2015; 
Zhang et al. 2020). Hence, epidemic outbreak numbers, gen-
eralized reports, web applications, in-depth investigations of 
official responses from authoritative media, and the main-
stream internet media are all used as major forms of infor-
mation exchange and disclosure that enable the public to 
understand the epidemic and its spatiotemporal risk pattern 
(Kim and Jung 2018; Xu et al. 2020a; Zhang L et al. 2020). 
To work out and delineate the pattern and relationships 
between human activities, epidemic evolution processes, and 
risk trends, many scientific research institutions, governmen-
tal institutions, and mainstream media outlets have thrown 
into COVID-19 scientific researches as well as design of 
different types of maps and geovisualization for this public 
health emergency (Akella 2009; Kostelnick and Hoeniges 
2019; Ye et al. 2021). These maps and visualization forms 
integrated risk information to depict the dynamic patterns 
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and properties of the epidemic as well as its adverse effect 
on the public from different aspects (Guillette et al 2020).

In essence, maps for public health emergencies belong 
to the category of emergency maps but are also quite differ-
ent from traditional emergency maps. Emergency map is a 
typical form of expression for spatial geographic informa-
tion related to major emergencies. Most of the traditional 
emergency maps are oriented to sudden natural disasters, 
of which the service objects typically are the government 
emergency management department and the relevant insti-
tutions. They are mostly applied to assist with scheduling 
and distribution of emergency resources, the generation of 
emergency plans, and the deployment of management work 
(Katzburg et al. 2020; Xu et al. 2020b). By comparison with 
a major emergency, a public health emergency has higher 
requirements for efficiency of information disclosure and 
cooperation between the government and the public due 
to its broader and acuter impacts on the public life. This 
leads to the discrepancies on service objects, data analy-
sis, thematic content, and representation of the map design 

and compilation for public health emergencies (Brice 2020; 
Chapin and Sen Roy 2021), which is shown in Fig. 1. The 
main purpose of these adjustments on map design is to help 
the public holistically understand the spatiotemporal char-
acteristics of the epidemic and implications of related poli-
cies from the limited and fragmented information available. 
Thus, these maps can implement features that reduce social 
panic and encourage the public to actively cooperate with 
the requirements and initiatives of the relevant departments 
and medical institutions that guard against the epidemic (Xu 
et al. 2020a).

In recent years, scholars have published many beneficial 
discussions and studies on emergency map design. Arco 
et al. (2017) constructed an implementation framework for 
emergency mapping services based on traffic signals. Vas-
sileva et al. (2017) proposed an emergency mapping method 
based on radar interferometry. Elia et al. (2018) compared 
the effectiveness of using surveying and mapping data and 
crowdsourced data for emergency maps. Girres (2019) pro-
posed an emergency mapping method for post-disaster loss 

Fig. 1  Differences between 
traditional emergency map 
and maps for public health 
emergency
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assessment based on remote sensing image comparison. 
Kostelnick and Hoeniges (2019) discussed the principle and 
method of emergency map symbol design in detail. Only 
a few studies have preliminarily discussed the theory and 
method of maps designed for public emergencies. Griffin 
et al. (2017) attempted to compare the portability of map 
design for different audiences. Kerkvoorde et al. (2018) 
evaluated the effectiveness of flood risk network map design 
on public understanding. Xu et al. (2020b) discussed the 
design of maps for earthquake emergencies based on audi-
ence theory. In brief, previous studies primarily focus on 
emergency map applications in disaster hazard analysis and 
are oriented to professionals or decision-makers.

There also have been some researches focused on observ-
ing dynamic patterns of COVID-19 by map design, visu-
alizations, and application development. Yalcin (2020) pre-
sented cartograms of COVID-19 outbreak as a superior 
visualization tool to map the spread and spatiotemporal 
patterns of the epidemic. Guillette et al. (2020) conducted 
to use choropleth maps to visualize the geographic distribu-
tion of COVID-19 infection cases as an efficient tool to bal-
ance the need of risk disclosure with respecting individual 
privacy. Brice (2020) outlined a navigational approach for 
changing the information transmission forms of charts by 
converting time and space, aiming to optimize the maps’ 
function of guiding the anticipation and interventions for 
emerging trend of COVID-19. Chapin and Sen Roy (2021) 
created a Web application of interactive visualizations at 
different spatial scales to reveal relationships between the 
patterns of COVID-19 and human mobility, helping users 
to understand areas affected by the pandemic and inform 
better suited policies for pandemic prevention. Liu F and 
Liu D (2020) proposed a visualization mapping analysis of 
emergency management scientific research big data. They 
used visual knowledge maps to summarize research trend 
of China’s emergency management and point out the new 
ways to improve the response ability in the face of COVID-
19. Most of these studies are due to the requirements of 
governments and policy making for epidemic prediction and 
intervention, emphasizing on the overall trend and evolution 
feature analysis. They also concentrated on data analysis and 
visualization methods to inform one or a few aspects that 
may produce a specific impact on the epidemic dynamics, 
such as the spatial relationship between public risk of trans-
missions and human mobility (Chapin and Sen Roy 2021; 
Melin et al. 2020).

Although these policy-research-oriented maps and visu-
alization applications have publicly released and covered 
a lot of information related to the public, and helped to 
mitigate the impact of the epidemic by coming up control 
measures, there are still some open questions. (1) Existing 
maps and visualizations are barely able to reveal the impact 
and the relationship of the epidemic on public life and their 

health circumstances directly from the public perspective. 
In addition, most data analysis and visualizations in larger 
geographic regions can easily drown the information het-
erogeneity between smaller ones and lead to misinterpreta-
tion of the epidemic risk and trend (Lovett et al. 2014). It 
is difficult for these data organization forms to directly help 
the public get the most relevant and useful information of 
their own living environment under the epidemics’ threat 
and influence. (2) Few researches focused on the way to cou-
ple the visualization methods and forms with the epidemic 
evolution so that the public can intuitively extract the subject 
information addressed to their needs to encounter in the epi-
demic. Even though many studies have found that data visu-
alization approaches are of great significance for informing 
and intervening in an epidemic, they still questioned their 
indicative functions to guide publics for epidemic preven-
tion (Brice 2020). (3) There is a lack of systematic theo-
retical framework as a scientific foundation for integration, 
analysis, and expression of risk information for all the public 
health emergencies during a long time period. Researches of 
map design only taking COVID-19 as the core context may 
lead to limitations of results in application.

To close the research gaps, this paper constructs a con-
ceptual framework for thematic content selection with pre-
dominant emphasis on comprehensive organization and 
expression of risk information at multi-spatiotemporal scales 
which couples with the narrative logic. As a universal theo-
retical methodology, this framework can be flexibly adjusted 
according to different target areas, event cycle, and trend. 
Then, using the COVID-19 outbreak in Shenzhen, China, as 
an example, this paper illustrates how to establish a three-
dimensional spatiotemporal-logic structure for selecting 
thematic content of COVID-19 maps. The Shenzhen case 
also explains the specific way and related visualization 
approaches to transform epidemic data to objects for car-
tographic representation with proper modes and principles. 
This study provides a guidance for the design of maps for 
public health emergencies, both in theory and in practice, 
aiming to depict the dynamics of the epidemic at different 
scales to reproduce and assess its evolutionary process and 
future trend as well as help the public understand their cir-
cumstances and roles in epidemic prevention.

Conceptual Framework for Thematic Content 
Selection

Focusing on key characteristics of a public health emer-
gency should be the foundation of constructing a con-
ceptual framework for map thematic content selection. 
Firstly, the occurrence of an unconventional major pub-
lic health emergency such as COVID-19 is commonly 
with long cycle, wide influenced regions, and substantial 
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uncertainty. These events usually involve high contin-
gency and randomness but also follow some certain 
dynamic patterns at complex spatiotemporal scales 
under a certain logical paradigm (Chapin and Sen Roy 
2021). These elements indicate that relevant information 
regarding the epidemic is likely to be very fragmented 
and demands for continuous and comprehensive organi-
zation in the context of spatiotemporal changes as well 
as narratives among every event logic process (Pelizza 
2020). Thus, forming and selecting the thematic content 
of maps for public health emergency need a framework 
with three-dimensional spatiotemporal-logic structure 
for information integration. Regarding spatiotemporal 
scales, marking time series of epidemic information due 
to data updating can help to sort out their order among 
event evolution while marking space changes can reflect 
the expansion of information granularity in spatial scales 
from coarse to fine. In addition, the logical connections 
between event processes are also needed as the content 
thread for integration and classification of information. 
This form of organization and expression can effectively 
balance the spatiotemporal attributes and narrative attrib-
utes of the epidemic information, better representing the 
evolutionary processes and dynamic patterns of a public 
health emergency (Rao et al. 2021).

On the one hand, the epidemic’s temporal scale change 
leads to constant update of data in response to changes in 
the number of outbreaks and other quantitative indicators. 
Specifically, the latest news are expressed as the number 
of new cases while the data summary over a period of 
time represents the current epidemic circumstances with 
cumulative number of confirmed cases. Information in 
the context of epidemic prediction are more likely to be 
related with risk warning and prevention guidance. The 
sense discrimination on scales of time can be used as the 
category basis of maps’ theme. On the other hand, spa-
tial scale changes mean besides organizing the epidemic 
information at macroscales (such as the world, national, 
provincial, or city regions), mesoscales (such as admin-
istrative districts and blocks) and microscales (such as 
communities and individuals) are also needed (Zhou et al. 
2020). The unfolding spatial scales also conduct to the 
hierarchy of thematic content. Besides, distinguishing 
these scales enables the maps to highlight heterogenei-
ties of risk and epidemic’s dynamics across different 
scopes of time and space. The more levels of spatiotem-
poral scale the map has, the more detailed the epidemic 

information is, and the public will therefore have access 
to more accurate information.

From the perspective of narrative logic, the response to 
a public health emergency corresponds to a four-step nar-
rative logic process (Ario et al. 2019; Marome and Shaw 
2021). First, preparedness and response to epidemic risk 
appear immediately after the occurrence of the emergency. 
The information demanded by the public during this pro-
cess is primarily related to the outbreak numbers, namely, 
the risk factor. The second process is assessment of risk 
circumstances. This process involves gathering and com-
municating information about how the epidemic spreads, 
namely, the epidemic spread. The third process is epidemic 
prevention, which is closely related to the prevention and 
treatment of epidemic diseases. Thus, it is important to 
focus on the health of both individual patients and soci-
ety as a whole, namely, the risk sufferer. Finally, the fourth 
process summarizes the consequences experienced during 
the emergency. In other words, the fourth process consid-
ers emergency adaption. This narrative logic is actually the 
content dimension of the epidemic information as well as 
a collection of semantic relations between spatiotemporal 
scales. The logic process presents characteristics of the epi-
demic and couples the information by the homogeneity of 
their attribute. In particular, as a kind of narrative map, the 
design of maps for public health emergencies emphasizes on 
information organization with narrative logic rather than the 
narrative cartographic representation.

The construction of the conceptual framework with a 
three-dimensional spatiotemporal-logic structure provides 
a theoretical foundation for map thematic content selection, 
which is also a good basis for determining the effective vis-
ualization approaches of map design. The spatiotemporal 
attributes and relations of the data give the map expression 
chances to pinpoint the epidemic information to specific 
situation and environment among publics’ life. Besides, the 
data classification based on the logic process determines 
the way to transform the epidemic information into geo-
graphic objects according to their narrative attributes, which 
is essential to form visualization approaches for map design 
that is more corresponding to public cognitions. To a cer-
tain extent, this conceptual framework of map design for 
public health emergencies with the spatiotemporal-logic 
structure has changed the service mode of traditional maps. 
It enhances the validity and legibility of the map expression 
and is likely to gain more traction among the public and the 
government for more efficient cooperation confronting with 
the epidemic. Figure 2 shows the conceptual framework for 
map thematic content selection.

Fig. 2  Conceptual framework for map thematic content selection◂
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COVID‑19 Map Design Case of Shenzhen, 
China

Study Area and Data Processing

Shenzhen, located in the southern part of Guangdong 
Province, China (113°43′ ~ 114°38′E, 22°24′ ~ 22°52′N), 
has nine administrative districts with a total area of 
1997.47  km2 and a population of 17.56 million. It is a 
vice-provincial city and a super city as well as a special 
economic zone, a national economic center, and an inter-
national city of China. At the beginning of the COVID-
19 in 2020, the outbreak number in Shenzhen increased 
sharply due to the high density and massive mobility of 
the population. To help the public avoid potential risks 
and speed up the investigation of potential infection cases 
and close contacts, the relevant departments of the gov-
ernment have timely released the necessary epidemic data 
such as distributions of confirmed cases and their activity 
trajectory. Meanwhile, to improve the visualization of the 
published data, they also compiled and developed some 
thematic maps, electronic maps, and web applications for 
COVID-19. However, most of the maps still require the 

improvement in normalization, scientificity, and logical-
ity of data organization and expression. Thus, this paper 
chose Shenzhen, China, as the study area for COVID-
19 map design, applying the conceptual framework for 
optimizing the thematic content selection and visualiza-
tion approaches of the COVID-19 maps. Figure 3 shows 
the geographical location, administrative division, and 
scope of Shenzhen, which is available on the website of 
Shenzhen Platform for common Geospatial Information 
Services.

As an example of maps for public health emergencies, 
this case provides effective guidance for the similar map 
designs. According to the conceptual framework with the 
three-dimensional spatiotemporal-logic structure, Fig. 4 
shows the overall flow chart for the map design of COVID-
19 in Shenzhen. The data requirements contained in our 
map design primarily include general statistics and the 
spatial distribution of the number of infection cases, close 
contacts, severe and critically ill patients, cases cured, and 
the deaths during the COVID-19 outbreak in Shenzhen as 
of 24:00 on February 3, 2020. All of the data used in this 
paper are either published online by relevant government 
departments and medical institutions or captured from the 
online map available through the open API interface.

Fig. 3  Map of Shenzhen (https:// guang dong. tiand itu. gov. cn/ shenz hen/ bzmap)

https://guangdong.tianditu.gov.cn/shenzhen/bzmap
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Thematic Content Determination

The conceptual framework with a three-dimensional spa-
tiotemporal-logic structure proposes the demands of data 
gathering and organizing. Temporal scales can be set up 
according to time series of data generating and updat-
ing and their statistical scopes. Different temporal scales 
directly addressed to different information requirements 
of the public during the epidemic, were namely the latest 

dynamics delivery, epidemic circumstances summary, and 
future trend prediction. This determines the main theme of 
each COVID-19 map. To fully cover the space scopes that 
the epidemic impacted on the public life, setting of spatial 
scales should involve recognized basic unit of urban admin-
istration and also the focal place for the epidemic outbreak, 
spread, and prevention such as country, city, and community 
(Yang et al. 2021). Due to the features of wide urban area 
and large population density in Shenzhen, the map design 

Fig. 4  Overall flow chart for 
map design of COVID-19 in 
Shenzhen
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Table 1  Data classification depending on the narrative logic process

Narrative logic process Data category Explanation Data form

Preparedness and response Risk factor Information containing potential risk of 
transmission

Location, scope of activities of infection 
cases, etc

Assessment of risk circumstances Epidemic spread A series of risk factors within a certain 
range and route of transmission

Relation among infection cases, aggrega-
tion and migration of the population, etc

Epidemic prevention Risk sufferer Groups or individuals affected and suf-
fered in the epidemic

Peoples’ personal wellbeing level
People’s daily life order

Consequences and experience Emergency adaption Negative impacts on the public The critical illness rate, mortality rate, 
occurrence of aggregation cases

Public safety and social economic devel-
opment that have been damaged

Positive work in epidemic prevention Cure rate
Efficient measures and contributions of 

individuals, medical institutions and 
relevant government departments for 
epidemic prevention
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of COVID-19 set a three-level spatial scale system at city, 
administrative district, and community scales to appear the 
macro tendency and spatial heterogeneity of the epidemic 

within the urban area respectively. Statistical indexes and 
analysis methods fitting with different spatial scales help to 
process and express the data from microscale to macroscale, 

Fig. 5  Thematic content system of COVID-19 maps
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which determines the hierarchical scheme of maps’ thematic 
content. Finally, to integrate data at each spatiotemporal 
scale into narrative structure, it is essential to assess which 
logic process of the epidemic data is related to and clas-
sify the data into four categories, according to their non-
spatiotemporal attributes. Table 1 shows the method for the 
data classification.

As the connection of semantics of data at different spati-
otemporal scales, the logic process couples the content and 
organization form of data presented on the maps with the 
features of epidemic evolution, which determines four nar-
rative aspects of the thematic content. The final formed the-
matic content covers all logic processes at each spatiotem-
poral scale. Along with the spatiotemporal scales of data in 
four logical categories changing from micro to macro, the 
thematic content changes from concrete to general. Figure 5 
shows the final thematic content system.

Visualization Approach

Principles, Objects, and Modes of Cartographic 
Representation

The visualization approaches determine the principles of 
map expression as well as the objects and proper modes of 
cartographic representation. To transmit the thematic con-
tent to map expression, the epidemic data needs to trans-
form to geographic objects. This requires to define the spa-
tiotemporal properties and attributes for the data according 
to their corresponding thematic content and their own char-
acteristics. To clearly depict the specific geographic objects 
and their characteristics on the COVID-19 maps, it is also 

important to set appropriate principles and modes for carto-
graphic representation depending on maps’ thematic content 
(Wildbur and Burke 1998; Li 2021).

First, the cartographic representation should follow the 
basic requirements of specialization, standardization, and 
readability, ensuring the map expression is fully coinci-
dent with the thematic content. According to demands of 
COVID-19 map design based on the conceptual framework 
with the spatiotemporal-logic structure, the principles for 
determining the objects and modes of cartographic repre-
sentation should be followed as:

(1) Principle of spatiotemporal narrative adaptability
  The thematic content displays many differences at 

each spatiotemporal scale and narrative aspect. Setting 
appropriate schemes of color, symbol, and layout helps 
to characterize the objects corresponding to the the-
matic content of different levels (Weng et al. 2020).

(2) Principle of the logical connection
  Clearly depicting the event logic on the map using 

the appropriate cartographic representation is the most 
effective way to guide readers toward understanding 
the dynamic changes and risk trends involved in the 
COVID-19 epidemic. Therefore, one important aspect 
of appropriate visualization is to create a sense of order 
using an appropriate symbol and color schemes.

(3) Second-order cognitive principle
  This principle refers to providing useful, usable, 

understandable, and meaningful functional information 
from the perspective of readers’ needs (Malpass 2016). 
This requires the design of symbol systems and color 
systems that represent the most salient cartographic 

Table 2  Specific visualization approach of the COVID-19 maps
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objects vividly, directly, and clearly. These objects 
often transform second-order information, processed 
by cartographers, from mathematical statistics, spatial 
analysis, and other technologies.

(4) Principle of acceptability transplantation

The theory of mass communication indicates that 
all readers utilize a pre-determined reference system to 
receive information (Malpass 2016). Using color design 
as an example, the use of red often indicates an increase in 
the outbreak numbers and therefore plays a role in warn-
ing the public (Adams et al. 2008; Landa 1996). Green, 
on the other hand, often indicates the number of people 
cured, bringing hope and comfort to the public (Adams 
et al. 2008; Landa 1996). This means that the COVID-19 
maps need to adhere to this familiar and expected visu-
alization. In particular, due to the high similarity of data 
forms, the representation modes in different temporal 
scales have a lot in common as well. Thus, combining 
both the principles and practical application, and based on 

the classical representation of thematic maps, the specific 
objects and modes of cartographic representation for the 
maps about Latest Dynamic Delivery are set and shown 
in Table 2.

Examples of map design

According to the thematic content system in Fig. 5, this 
paper presents 6 examples of map design, grouped by 
themes of Latest Dynamic Delivery, Epidemic Circum-
stances Summary and Future Trend and Prediction. These 
maps show the application effect of the conceptual frame-
work of thematic content selection with the spatiotempo-
ral-logic structure in practice. The maps mainly take the 
warm color scheme (yellow/red) complemented by cold 
color scheme (blue/gray) to indicate the epidemic risk 
and dynamics, which have been proved with remarkable 
strengths in visual cognition and understanding of the pub-
lic (Fang et al. 2021).

Data as of 24:00 on February 3, 2020
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(1) Latest dynamic delivery maps of new cases of COVID-
19 in Shenzhen

The COVID-19 map shown in Fig. 6 depicts the latest 
dynamic of COVID-19 of Shenzhen on the day of Feb-
ruary 3, 2020, at city and administrative district scales. 
It utilizes choropleth map with highlight figure notes to 
show the number of new cases in each district of Shen-
zhen and their epidemic risk levels. In particular, cases 
directly sent to designated hospitals from transportation 
hubs, such as airports, stations, docks, and checkpoints, 
are expressed and explained in a separate graph because 
they are not counted as cases in any administrative dis-
trict. The bar charts on polar with arrow symbols are 
used to reflect whether the new cases are imported or 
indigenous, indicating the direction of human mobility. 
Waterfall plots in the map display the daily update of 
COVID-19 outbreak numbers since the start of the epi-
demic, reflecting the absolute and relative changes in 
infection cases over time.

The map shows that Futian, Longhua, and Luohu districts 
have the largest number of new cases. It also reveals that the 
number of imported cases was significantly more than that 
of the indigenous cases in the early stage of the epidemic. In 
terms of the time series of case changes, the number of new 
cases continues to swell every day, indicating there are still 
great potential risks of epidemic aggravating.

COVID-19 map shown in Fig. 7 is about distribution and 
features of new cases at administrative district and com-
munity scales. It uses the quality base method and location 
symbol method to display the location and distribution of 
communities in which new cases were found and their sur-
rounding residential areas, taking Guangming and Longhua 
districts as examples. The doughnut charts with figure notes 
demonstrate the number of new cases in each district and its 
proportion in the total number of new cases in Shenzhen as 
well as the population in each district and its proportion in 
city’s population. The pictorial bars employed graphic ele-
ments of male and female depict the characteristics of new 
cases by statistic of their age and gender. The map shows 

Latest  Dynamic Del ivery at Adminis t r ic t ive Distr ic t  & Community Scales
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the epidemic impact in Guangming and Longhua districts 
respectively and also directly present the spatial relation 
between communities with new cases and surrounding resi-
dential areas. It helps remind the residents nearby to pay 
close attention to their own health circumstances and reduce 
the arrangement of travelling and gathering.

(2) Epidemic circumstances summary maps of cumulative 
COVID-19 cases in Shenzhen

The COVID-19 map in Fig. 8 depicts the epidemic cir-
cumstances of COVID-19 in Shenzhen to date as of Febru-
ary 3, 2020, at city and administrative district scales, taking 
the choropleth map as the effective method to indicate the 
epidemic situation and risks. Two groups of bar charts on 
polar demonstrate the general statistics of infection cases, 
close contact, severe patients, critically patients, cured cases, 
and the deaths. The pictorial bar shows that the confirmed 
cases were mixed between men and women, but a large part 
of them were over 40 years old. This map plays an important 

role for the public to understand the epidemic pattern during 
its rapid spread.

Then, the map in Fig. 9 explains relationships among 
the typical COVID-19 aggregated cases mainly occurring 
in communities and families. As a tree map, it provides a 
detailed analysis of the beginning as well as the relation and 
time series of the multigenerational aggregated cases.

(3) Future trend and prediction

The COVID-19 map shown in Fig. 10 is about epi-
demic risk prediction of COVID-19 in Shenzhen. The 
combination of location symbol method, quality base 
method, and area method can demonstrate the possible 
risk areas through distributions of the infection cases 
and their possible walking range within 30 min. The heat 
map with kernel density estimating can also present the 
spatial pattern of epidemic risk, leading the public to 
comprehensively grasp the epidemic situation and future 
risk trend.

Epidemic Circumstances Summary at  Ci ty  & Adminis t ra t ive Distr ic t  Scales

Data as of 24:00 on February 3, 2020
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The last one in Fig. 11 depicts the epidemic risk pre-
diction of Guangming and Longhua districts. It also takes 
quality base method and area method to illustrate possi-
ble walking ranges of the cases as well as the residential 
areas that may be contained in the scope of high-level 
and medium-level risk areas. The assist information 
charts with highlight figure notes display the number of 
confirmed cases and the number of communities where 
they are found in each district. It is easy to notice that 
there are more infection cases along with higher density 
of residential areas and larger epidemic risk in Longhua 
district. The waterfall plots with infection cases that keep 
climbing indicate the inflection point of the epidemic 
in each district has not appeared yet. The map specially 
warns the residents living in the risk area and reminds 
the public about continued epidemic prevention and con-
trol efforts by revealing the future trend of the epidemic 
spread and evolution.

Conclusions

In view of the limitations of the research on map design for 
public health emergencies, this paper establishes a concep-
tual framework for thematic content selection with a three-
dimensional spatiotemporal-logic structure. As a theoretical 
foundation for determining the thematic content and visu-
alization approaches of map design for health public emer-
gencies, the framework conducts to depict the dynamics of 
the epidemic at different scales to reproduce and assess its 
evolutionary process and future trend, guiding the public to 
understand their circumstances and roles in epidemic pre-
vention. It also uses the COVID-19 outbreak in Shenzhen 
as an example to illustrate the specific way and processes to 
provide theoretical and technical support for the map design. 
To our knowledge, this paper is the very first study to bring 
the thematic content of maps for public health emergencies 
to the fore. It has changed the service mode of traditional 
maps to a certain extent, enhancing and optimizing the 
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rationality, validity, and legibility of map design for public 
health emergencies.

However, there are still some deficiencies in this study. 
First, due to the availability of epidemic information and 
related information on the COVID-19 outbreak, this paper 
does not provide maps that depict medical resource alloca-
tion or the arrangement of social production. Second, in the 
early stage of public health emergencies, there are likely to 
be gaps between data collection and data publishing. This 
problem can lead to deviations between the outcome maps 
and the currently available information, which was not dis-
cussed in this paper. Third, map samples have not carried out 
psychological or eye movement monitoring experiments as 
well, so there is still a lack of quantitative detection about the 
effectiveness of these theoretical and technical map design 

techniques. Besides, the study on theoretical framework 
and practice examples in this stage has not considered the 
accommodation of rapid information updates in the inter-
net publishing environment and real-world applications 
yet. These limitations will certainly be explored in depth in 
related research. In addition, developing a semi-automatic 
cartographic system depending on the theoretical framework 
for more efficient production of the maps and designing a 
digital global-style geovisualization platform for more ste-
reoscopic and comprehensive map expression would also be 
worth exploring in our future study.

Software

ESRI ArcGIS 10.2 was used for statistical analysis. Adobe 
Illustrator CC 2019 was used for map design.

Fig. 10  Epidemic risk spatial pattern and prediction of Shenzhen◂

Future Trend and Predict ion at  Adminis t ra t ive Distr ic t  & Community Scales
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